Traditional approaches to requirements elicitation stress systematic and rational analysis and representation of organizational context and system requirements. This paper argues that the introduction of any computer-based system to an organization transforms the organization and changes the work patterns of the system's users in the organization. These changes interact with the users' values and beliefs and trigger emotional responses which are sometimes directed against the computerbased system and its proponents. The paper debunks myths about how smoothly such organizational transformations take place, describes case studies showing how organizational transformation really takes place, and introduces and confirms by case studies some guidelines for eliciting requirements and the relevant emotional issues for a computer-based system that is being introduced into an organization to change its work patterns.
Introduction
Originally, computer-based systems (CBSs), actually just programs, were introduced merely to automate existing manual tasks for collecting, processing, or distributing information. A program was used for speed up, for error reduction, or for both in existing clerical tasks without changing the basic processes in which these tasks were carried out. If the original task produced a report on paper, the automated version produced the same report, so that the automated task could be carried out, albeit faster and with fewer errors, in the original task's place.
However, as observed by Meir Lehman [57] , the introduction of these CBSs began to affect the processes in which these automated tasks were embedded. Different and better processes were enabled by the automated tasks, even to the point of making the automated original tasks unnecessary, and even to the point of eliminating some peoples' jobs! New peripheral devices were introduced that allowed the computer to sense and control more than just data, e.g., to help operate production lines and to help fly aircraft. These devices allowed the introduction of CBSs to change more and more processes and to fundamentally alter the way things are done in many real-world, man-made systems not at all related to computing. For example, originally, commercial systems evolved in the presence of only paper and carbon paper. Thus, creating multiple copies of a document, i.e., a form, containing all conceivably required information about a transaction became the way to make sure that all needed information were distributed rapidly and in parallel to all involved in the transaction. Even so, these data were usually accurate only to the day or more. With the advent of computing, the production of the multiple copies was automated, with the basic workflow, and in particular the distribution of the copies, unaltered. Still, the data were usually accurate only to the day or more.
Later, as new high-resolution screens and networks became available, it was suddenly observed by creative software engineers that it was no longer necessary to print and distribute multiple paper copies of all possible needed information. Instead, it sufficed to put a network of computers, each with a high-resolution screen, on the desks of all persons involved in all transactions, and to allow each to access directly precisely the information he or she needed for his or her part of the transaction at the time he or she needed it. These data would be accurate to the moment. It is totally unnecessary to make any paper copy of the information. Fully automated enterprise resource planning (ERP) [27] had become possible.
On one hand, the operation of a transaction has improved. The information needed for the transaction is distributed or made available for access instantly to all involved in the transaction. A person involved in the transaction looks up only the information that he or she needs. Recall that a traditional form contains all information that might conceivably be needed in a transaction. With immediate electronic access, if it is known that a rarely needed item is readily accessible, it is possible to forgo requesting this item during the filling of the electronic form, leaving it to be found if and when it is actually needed. Thus, the transaction is made more efficient.
On the other hand, there are some negative consequences. At the very least, because no paper copies are distributed, all those involved with the production, purchasing, distribution, and disposal of paper and printed reports find their jobs reduced and possibly eliminated.
The organization has been transformed. The introduction of any CBS has the potential to transform any organization into which it is introduced. In general, the introduction of CBSs has become a driver for innovative work practices and new models of management and organization [22] . Furthermore, each employee that used to get his or her information from a particular place on one copy of all possible needed information now needs to work online on a computer with a windowing system with a program that allows querying for the needed information, but in a language derived from predicate calculus. One or more of these employees could rebel against this job change because he or she hates computers, hates mathematics or anything reeking of it, or refuses to learn any newfangled way to do something that he or she has done for years in a perfectly good simple way! "If it ain't broke, don't fix it!" says the employee. Clearly, emotional issues are coming into play in the use of CBSs and the organizational transformations (OTs) they breed.
Despite that innovative, organization transforming CBSs are introduced with the laudable goals of improving organizational efficiency and effectiveness, reducing costs, improving individual and group performance, and even enabling individuals to work to their potentials, it is sometimes very difficult to get these CBSs to be used successfully and effectively [61, 47, 3] . Some people in some organizations resist the changes. They resist using the systems, misuse them, or reject them. As a result, the goals are not achieved, intended changes are poorly implemented, and development budgets and schedules are not respected. Misplaced, as opposed to normal, emotions, values, and beliefs are often offered as the causes of these problems [3, 68] . M.B. Bergman, J.L. King and K. Lyytinen [3] observe (p. 168), "Indeed, policymakers will tend to see all problems as political, while engineers will tend to see the same problems as technical. Those on the policy side cannot see the technical implications of unresolved political issues, and those on the technical side are unaware that the political ecology is creating serious problems that will show up in the functional ecology." They go on to say (p. 169), "We believe that one source of opposition to explicit engagement of the political side of RE [requirements engineering] is the sense that politics is somehow in opposition to rationality. This is a misconception of the nature and role of politics. Political action embodies a vital form of rationality that is required to reach socially important decisions in conditions of incomplete information about the relationship between actions and outcomes."
Exacerbating these potential emotional problems is the fact that environments into which the CBSs are introduced are incredibly complex [13] [69, pp. 169-195] . Thus, it is next to impossible to predict the effect that the introduction of a new CBS will have on the organization and its users. Now, let us consider the changing nature of requirements engineering (RE) for CBSs. Initially, RE needed to consider only the input-output behavior, i.e., the functionality, of programs. Certainly, nonfunctional issues, especially performance, were important too. If an automated task ended up taking too much time, space, or both, the task would not be effectively automated. As CBSs began to change the real-world systems in which they were embedded, RE needed to consider the effects of the changes, and in some cases, to predict and even alter likely effects. As CBSs began to transform organizations deploying them, RE needed to consider how the organization should be transformed and to project organizational-level requirements onto the requirements for the CBSs that were to effect these transformations. Finally as users' emotions began to affect how well, and even if, the deployed CBSs would be used in the transformed organizations, RE needed to consider emotional issues and to project them onto the requirements for the CBSs triggering the emotional responses.
This paper attempts to describe the roles of emotions and of closely related values and beliefs in determining acceptance of deployed organizationtransforming CBSs. It reports case studies in which emotions, values, and beliefs of users and other stakeholders inhibited the success of the deployment of at least the originally conceived CBS. It offers guidelines derived from these case studies for eliciting stakeholders' emotions, values, and beliefs along with the usual functional and nonfunctional requirements. Accordingly, Section 2 reviews the concept of OT as both triggering and being triggered by the deployment of enabling CBSs. It discusses some of the rhetoric about the OT process and about organizations. It defines emotions, values, beliefs, and gives some examples of how they can impact the OT process. Finally, it considers whether the observed effects are just managerial problems. Section 3 introduces the idea that RE for CBSs deployed during OT must elicit emotional issues. It describes additions to any traditional RE process that allow elicitation of emotional issues that can be considered along with all other requirements in producing a requirements specification. Section 4 compares the suggested approach with other work. Section 5 summarizes the paper and suggests future work.
This paper is about deploying CBSs during OT. Since the most flexible component of a CBS is its software, we often talk about developing its software, when in fact we are really developing the whole CBS. In this paper, "software system" and "CBS" are used interchangeably. Moreover, the assumed domain for these CBSs is any CBS for which there is a mandated or de facto RE process prior to building, buying, enhancing, or deploying the CBS. Thus, the domain includes contracted, bespoke CBSs; configurable, off-the-shelf CBSs; and in-house CBSs.
OT Supported by the Deployment of CBSs
The Introduction observed that deployment of CBSs in an organization for the purpose of changing the organization's way of doing business causes OT and that any such OT can cause emotional problems among the CBSs' users in the organization. These emotional problems affect the use of the CBSs just as any other requirements problem. Consequently, to understand the full requirements of a CBS, it is essential to understand the OT that the CBS enables and the OT's effects on the organization and on the CBS users' emotions. Therefore, this section explores what is known about OT, organizations, and emotions, often from other disciplines, for clues on how to carry out the necessary RE.
Organizational transformation (OT) [69, p. 171 ] is the process of fundamentally changing an organization's processes in order to allow it to better meet new challenges. OT is usually accompanied by deployment of so-called enabling CBSs, such as ERP systems, that help automate the organizations new processes and that sometimes make these new processes possible. That is, the OT triggers or is triggered by the deployment of the enabling CBSs, and sometimes the causality is in both directions. Certainly, the OT and the enabling CBSs share many requirements, particularly the higher level ones. RE for either of them is effectively RE for both of them. Therefore, whenever this paper talks about OT, it is also implicitly talking about its enabling CBSs and whenever this paper talks about a CBS, it is also implicitly talking about the OT enabled by the CBS. The lengthy phrase "OT and the deployment of its enabling CBSs" is sometimes abbreviated by "OT and its CBSs". Closely aligned with this RE for OTs and their CBSs is business-process reengineering [41] , the total redesign of a business's processes based on what is known about the business's organization, its goals, its users, and the enabling CBSs.
An organization does OT and deployment of its enabling CBSs to achieve a variety of goals, often more than one:
• to increase its income, • to improve its market penetration, • to reduce its reaction time, and • to reduce costs, all of which allow it to better meet new challenges. Triggers for OT and deployment of its enabling CBSs include an organization's desires to:
• implement a new management or business model, • adopt a new best practice, • satisfy clients better, • create a new internal or external image, • promote a new social order, • obey environmental rules, • foster collaborative practices, • etc. to achieve one or more of the goals. Sometimes, OT is triggered as a consequence of internal political fights over organizational goals and desires.
Rhetoric and Myth About Organizational Transformation
According to several authors [16, 40, 48, 53, 13, 17] , there is a myth about OT that is prevalent among those who would try to implement it. Many implementers see OT as a process that can be planned, managed, and controlled. According to these implementers, OT is a rational and controllable process that can be systematically implemented using well-tested methods and techniques to guide it. Consequently, OT can be made predictable, quick, and reasonably cheap. OT is best led by consulting firms that are experts in the field. OT is often directed to the organizational structure: goals and strategies, processes, tasks and procedures, formal communication channels, coordination and control of activities, work needs, and authority levels. Finally, OT is expected to have an impact on organizational practices and on political relations.
Resistance to transformation of meanings and practices is often expected. This resistance is seen as a problem to solve or minimize as soon as possible. Individuals are expected to adhere to values such as flexibility, creativity, collaboration, and continuous learning. They are expected to be motivated to immediately, effectively, and creatively use the delivered system. Every planned OT is seen initially as positive. In the end, the OT may fail.
Since the OT is often justified by economic or political reasons, the failure is considered critical to the organization. Thus, there must be blame for the failure. The failure is often blamed on the leaders of the failed process, the consulting firms that failed to implement it, or the individuals and groups that failed to change.
The requirements engineer involved in the development of the CBSs for the OT must be aware of these dynamics in order to help the organization avoid falling into them.
Organizations as Separate and Collective Entities
We tend to see an organization as a separate entity with its own goals, strategies, potentialities, and constraints. However, an organization is the people that bring it into existence [26] . Goals and strategies emerge from the sensemaking processes that continually reshape human action and interaction in the organization and with the environment. This understanding leads to two main insights:
(1) The idea of an organization being a separate entity with its own goals and strategies serves mainly management interests. Traditionally, management responsibilities involve the coordination and control of individual and subgroup efforts, in order to guarantee the economic, social, and political success of the organization [11] [3, 54, 9, 64, 78] . There is always the possibility of giving up some interests and beliefs in exchange for other advantages. The imposition of decisions by powerful individuals or groups should be the last resort. Any negotiation or imposed decision may lead to the emergence of negative emotions such as frustration, fear, anger, and depression. The emotions may appear on the surface, or they may be held in silence. They may have unpredictable consequences for the development of organizational identity and for organizational success.
The organization is, then, a collective entity emerging from the interplay of diverse interests and perspectives. These interests and perspectives are rooted in individual and shared emotions, values, and beliefs. However, the requirements engineer must be aware of and seek out the various emotions, values, and beliefs as part of the normal viewpoint resolution [25] .
Emotions, Values and Beliefs
It is useful to define the three concepts used to construct the core ideas in this paper (1) emotions, (2) values and beliefs, and (3) change.
Emotions
According to Damásio [18] , there are three types of emotions,
(1) primary emotions, (2) background emotions, and (3) social emotions.
Primary emotions include joy, sadness, fear, anger, surprise, and aversion. Background emotions include the sensations of well being and malaise, calmness and tension, pain and pleasure, enthusiasm and depression. Social emotions include shame, jealousy, guilt, and pride.
Three aspects of emotions make them difficult to deal with in many situations, especially in a situation in which one might not even expect emotions to be factor, such as the deployment of new software:
• Even if learning processes and culture are responsible for different expressions of emotions and for attaching different social meanings to them, emotions are biologically determined. They depend on cerebral devices that are innate and founded in the long evolutionary history of life on Earth.
• The cerebral devices upon which emotions depend may be activated without awareness of the triggering stimulus or without the exercise of will.
• For an adult human being, few objects and events are emotionally neutral.
Due to the uncertainty and ambiguity that always accompany OT, OT often triggers emotions. Since emotions are, by definition, automatic responses developed through individual experiences, it can be expected that the diversity of reactions to OT is incompatible with an instrumental, quick, low-cost approach. Therefore, the RE for the CBS must be rooted in an understanding of the social context of the systems and of the emotions, views, and preferences of their stakeholders [36] .
It is clear that we are talking implicitly in this paper about negative emotions, against or confounding the construction or deployment of the CBS at hand. If the emotions of all stakeholders were positive, in favor of construction and deployment of the CBS, then emotional issues will not figure much in the requirements. In this case, the RE process would proceed as a so-called normal one, focusing strictly on the standard functional and nonfunctional requirements of the algorithmics, the technology, and the economics of the CBS.
Values and Beliefs
Human values are socially constructed concepts of right and wrong that we use to judge the goodness or badness of concepts, objects, and actions and their outcomes [43] . The beliefs that a person holds about the reality in which he lives define for him the nature of that reality, his position in it, and the range of possible relationships to that reality and its parts [58] .
OT concepts and practices often require changes in or abandoning cherished and long-held beliefs and values. An example illustrates this issue. Suppose that an organization has decreed that all of its word processing be done in Microsoft (MS) Windows. Suppose also that one employee, Joe dislikes MS Windows. Perhaps Joe dislikes even the Microsoft company, because he believes that it is monopolistic. No one can force Joe to like MS Windows. He can be forced to show some appearance of liking it, but then there is no transformation in his fundamental operating system preferences, and the forcing only increases his dislike for MS Windows. He could be brainwashed, but brainwashing would hardly be considered an enlightened technique. Joe may be convinced of the advantages of liking MS Windows, thus ensuring his motivation to cooperate with the transformation process. However, not even Joe can guarantee the transformation of his fundamental operating system preferences. Nevertheless, if Joe is motivated to cooperate there are, in effect, some strategies to improve the chances of a successful transformation:
• by constructing pleasant views of Joe's past and future involving MS Windows, e.g, of playing a pleasant game of solitaire or of participating in pleasant interactions via Windows Explorer, or • by addressing the dislike of the software head on, i.e., finding out what Joe dislikes about MS Windows and then fixing the problem by modifying preferences or even modifying the software.
• by addressing the dislike of the company head on, i.e., trying to separate Joe's views about the company from his view of the software or by trying to show some redeeming features of the company.
Thus, an OT process must plan on spending resources to improve the chances of making the process a success [63] (pp. 214-234), and it will be the job of the requirements engineer to identify both the problems and the solution strategies. Recent work by Marina Krumbholz, Neil Maiden, et al investigates the impact on user acceptance of ERP induced OT that results from a mismatch between the ERP system's actual and perceived functionalities and the users' requirements, including those motivated by their values and beliefs [55, 56] . This investigation was necessarily done after the fact. The authors agree with Krumbholz, Maiden, et al that it is more effective in the long run to attempt to find these impacts during RE rather than after implementation simply because it is about two orders of magnitude cheaper to find and fix faults during RE than after implementation [5] .
Examples of Requirements Affected by Emotions, Values, or Beliefs
Ramos, in carrying out case studies for her Ph.D. dissertation [76, 79] , examined four organizations around Portugal, in businesses and universities, that were attempting CBS-enabled OTs. She found many examples of software features that raised fears in some stakeholders and of some CBS development processes that were affected by emotion-driven agendas of some stakeholders. We examine four of these examples, one from each case study, here.
(1) A software system that was supposed to store information about mistakes and who was responsible for them stressed out many potential users to the extent that the mistake-logging features had finally to be removed.
(2) A university library was installing a centralized software system. It was planned that all staff members would have access to all stored information so that it would be easier for all to participate in decision making, and all would have more opportunities for autonomy and creativity. These effects were worthy goals. However, this increased access stressed out some potential users, who really preferred not to have access to information not specifically related to their own tasks. They were not interested in having more responsibility and more autonomy and in being more creative. They were comfortable with their current low-responsibility jobs that allowed them to get paid regularly for doing jobs that required very little thinking and no initiative, and they resisted the new work practices. Much of the work in libraries follows international standards and norms that create a culture of dependency on management decision and control and that inhibit creativity. In this case, Ramos found that many voiced the idea that complying to standards and norms implies the inhibition of creativity. There does not appear to be any experimental evidence that in fact complying to standards and norms does indeed inhibit creativity. However, this notion is apparently believed by many and is actively used as a reason for opposing the imposition of standards and norms 2 [89, 19] . Perhaps the thinking is, "If we have to follow international standards, and best practices, why should creativity be valued?" (3) One company had installed an off-the-shelf (OTS) ERP system that met the company's requirements. The company was trying to motivate people to use it to its full potential. The charismatic leader of the resource planning department viewed the system as reducing the influence of his department and as inhibiting his own promotion as director; he began to actively, but surreptitiously, sabotage 3 the use of the new system. This leader's sabotage efforts were so successful that the installation was shelved. This leader just convinced the company that the OTS product was bad and then began an in-house development of a CBS of nearly identical functionality. The advantage of the in-house system over the OTS system was that the slow development would give the leader and his staff a chance to learn and to teach the system more gradually, and thus become indispensable to the company. In other words, the OTS system was not implemented here, i.e., "NIH"! The in-house development made the charismatic leader so strong that he was able to defeat the intentions of the company's administration. It was ironic at the end, that after the leader won his war and got his promotion as the director of the department, he proposed the installation of a new ERP system to better control his own staff's work and performance. (4) In an university, a computer supported cooperative work (CSCW) [24] system was introduced to the classroom to allow the students of a team to work together and the faculty member to observe the students' progress. This CSCW system stressed out students • who had never worked before in teams,
• who did not work well in teams,
• who did not trust others not to mess up their own work, which had been made accessible to others, • who did not like the idea of instructors observing their work closely in real time, or • who freaked out when they found files they were editing being modified, as they were working, by others. The students were used to asking and being asked for changes in the text as a result of discussions in or outside the classroom. Such changes, while frequent, appeared at least deliberate. Now, however, the whole process seemed beyond control.
In each of these and other cases, the proposed or current CBS caused fears among users because the CBS stood against their emotions, values, and beliefs. The introduction of the CBS was a failure or was not as successful as had been hoped. It would have been useful to have had a way to detect these problems before the implementations of the CBS had even started, during RE, or at least, before the implementation had progressed very far. Detecting these problems early enough would allow properly addressing them either as changes to the CBS's requirements or by better employee and user training and relations.
The literature is replete with other examples of the emotional aspects of RE [e.g., [55, 56, 3, 35, 46, 83, 8] .
Are These Just Managerial Issues?
Some who have read earlier drafts of this paper accept that there indeed may be the kind of problems mentioned when deploying job-changing CBSs. However, they regard them as managerial problems and not as requirements problems. In one sense, these readers are right, in that the responses to these problems require action by management, addressing social issues.
However, any problem that can prevent the successful deployment of a system, whether it be
• incorrect function, • failure to notice tacit assumptions, • or anything else should be identified as early as possible so that dealing with it can permeate the entire system design and development process. Perhaps, a so-called managerial problem born of emotion can be solved by a simple change in functionality or user interface, e.g., by eliminating a hated feature entirely. Perhaps, managers and colleagues of the employees that hate the feature should clarify both the business strategy supported by the feature and the benefits of the feature to these employees. Delaying consideration of any problem drives up the cost of solving the problem once it is identified [5, 81] . When viewed this way, all such problems become requirement problems, some of which may be solved by the software of the CBS. In the end, it may very well be that the decided-upon solution to an identified problem may be considered a managerial solution, e.g., educating users and their managers, providing incentives for adopting, etc. However, such solutions, especially that of educating users, may be applied also to what might appear to be a functional or user-interface issue [60] .
Summary
This section has discussed OT supported by the deployment of enabling CBSs. Specifically, it has defined OT and identified typical goals for initiating OT. It has described as a myth the rhetoric one hears about how OT is to be done and has described what really happens. It has discussed organizations as separate and collective entities. It has defined emotions, values, and beliefs and has shown how they can be impacted by OT. It has exhibited several examples of requirements impacted by emotions, values, or beliefs. The section has concluded with a discussion of whether these emotional impacts are just managerial problems. The requirements engineer who is elicting requirements for enabling CBSs for an OT must be aware of all these issues as he or she seeks out the emotions, values, and beliefs impacted by the OT and its enabling CBSs.
RE for OTs and their CBSs
The modern requirements engineer has a new mission above and beyond that of finding functional and nonfunctional requirements of CBSs that enable an OT. He or she must find emotions, values, and beliefs affected by the CBSs and the enabled OT early enough so that they can be dealt with like any other factor affecting the requirements of the CBSs. For the remainder of this paper "emotions, values, and beliefs" is summarized by "emotional issues" except when we wish specifically to emphasize the values and beliefs. Therefore, we need to add to traditional RE methods, the ability to find the emotional issues. Note that other human work science disciplines, such as HCI [23] and CSCW [2] , have similar needs to seek out emotional issues of the systems they build.
How do we identify emotional issues that can affect requirements for a CBS? It would be nice to have a systematic method that would guarantee finding all such issues. However, the history of failed CBSs [32, 33] is proof that there is no method that guarantees finding even all technical issues that can affect requirements for a CBS. Add to this uncertainty the less than stellar success rate of psychological and sociological treatments [65, 86, 42] , and it is clear that there can be no systematic method to find all emotional issues that can affect requirements for a CBS.
Thus, the best we can do is to teach requirements engineers to be aware of and to observe the way human beings reveal their emotions about the CBSs for which they are or will be users. We need to teach a requirements engineer to identify relevant emotional issues as he or she carries out his or her preferred methods to identify the usual kinds of functional and nonfunctional requirements. We need to teach a requirements engineer to consider alternative functionalities when it becomes clear that the emotional responses of users to a CBS suggests that deployment of the CBS will not achieve the purposes of the deploying organization. We need to teach a requirements engineer to warn the stakeholders about potential emotional reactions to desired features and to help the stakeholders in negotiations to find an appropriate mitigation to the reactions. Of course, all these new activities should be carried out in the framework of the traditional activities of the requirements engineer's job with the usual responsibilities and mandates.
The rest of this section on requirements elicitation describes how a requirements engineer can add the search for emotional issues to his or her usual methods. It provides lists of symptoms of emotional responses for which the requirements engineer should be on the look out. It may even be useful to consider adding to an RE team a person trained in psychology to identify and deal with emotional issues.
Basically, the requirements elicitation approach being suggested in this paper is exactly the research approach that Ramos followed in her case studies. In other words, the requirements engineer has to treat each organizational problem situation as a case study in understanding the organization that is planning to do OT with the help of CBSs whose requirements are eventually to be specified. Even if the original project concept document mentions only software or a CBS and fails to consider OT, the problem must be considered that of OT with the CBS as the enabler so that the needs and emotions of the people and organization using the CBS are considered in the requirements elicitation.
In each case study, Ramos studied an organization that was having problems carrying out OT with an existing CBS, with a to-be-constructed CBS, or with a mixture of both. She went into the organization to get to know the organization, its people, its business, and its needs. She observed carefully how the people were behaving, with the old CBS if it was still being used, with the new CBS if it was already deployed, and in the discussions about the new CBS if it had not already been deployed or even implemented.
As Ramos was observing, she formed hypotheses about the people's emotions, values, and beliefs. For each hypothesis, she derived implications of the hypothesis and predicted the behavior of the people involved. If she later observed the predicted behavior, she accepted her hypothesis as an explanation of what she was observing. If not, then she revised her hypothesis and tried prediction and observation again.
Slowly, Ramos accumulated a sufficient number of confirmed hypotheses that she felt that she understood the organization, its people, and its OT problems. She prepared her report and delivered it to the organization's management. In two of the cases, this management specifically and explicitly requested Ramos's recommendation for a solution to the organization's problems that she had identified in her report.
In each of these two cases, Ramos then formulated solutions at the requirements level. Based on her understanding, she felt that these solutions would both address the organization's stated and observed problems and be accepted by the people of the organization. In other words, she felt that these solutions would meet the organization's requirements and that they would lead eventually to a successful OT. The proof, however, is only in the pudding. She regarded herself as successful only if her solutions in fact led to a successful OT, as evaluated by the client's satisfaction. In each of these two cases, the organization's management implemented her recommendations and were happy with the results.
This way of working can be recognized as a constructionist approach [50, 70] :
Constructionism is the social theory that views human beings as active constructors of their knowledge; according to this theory, this knowledge construction happens more effectively when the individuals are involved in the construction of something external, something that can be shared, or both. Each of Ramos's roles, of researcher or of requirements engineer, involved her participation in deploying a CBS, a process leading to the social construction of knowledge about the CBS's support and use. Interestingly, all knowledge that was constructed in either role ended up being useful for the purposes of both roles. Thus, understanding the approach requires understanding constructionism.
An important concept that was used to guide Ramos's work is the four dimensions of work. The four dimensions of work in an organization concern organizational perspectives on individual and group action in the organization:
• The structural dimension of work is the formalized aspects of the organization, e.g., the organizational chart, the formal policies, and the official communication channels.
• The social dimension of work is the aspects that affect one's ability to participate in decision making.
• The political dimension of work is the aspects that affect one's ability to negotiate individual or group interests.
• The symbolic dimension of work is the aspects that affect one's ability to to deal with the ambiguity and uncertainty of decision making in the organization.
The approach we offer is not a method in the traditional sense of a step-by-step procedure or process to be followed by the requirements engineer. Rather, it is a collection of lists of questions to ask, behavioral clues for which to watch out, etc., i.e., guidelines that the requirements engineer can use to help her do her job. From where did these guidelines come? They were gathered from an initial review of the organizational theory literature, and then adapted to requirements elicitation by Ramos as she carried out her case studies. Thus, coming to play in the elicitation approach is organizational theory [11, 66, 69] . In fact, the initial case studies found more new questions and behavioral clues than did later ones, simply because in later case studies, she was able to reuse questions and behavioral clues from previous studies. These guidelines represent all that she found useful in all of her case studies. The authors plan to use them in any requirements elicitation that they do in the future.
That this approach works and that these guidelines are useful is supported by Ramos's successful requirements elicitation efforts in two of the case studies.
The results of the efforts are discussed in Subsection 3.6.
The remainder of this section
(1) discusses traditional RE, with its assumption of an objective reality, and its shortcomings in working with OTs, (2) discusses constructionist RE, with its assumption of a socially constructed reality, as a more suitable framework for RE for CBSs for emotion-laden OT, (3) gives organizational-theory-derived guidelines, i.e., lists of questions and behavioral clues for which to watch out, (4) pulls it all together in a constructionist requirements elicitation process, (5) describes two case studies of constructionist RE, and (6) discusses weaknesses of the guidelines.
Traditional RE
Traditionally, RE assumes an objective reality [21, 20, 84, 62, 87, 4, 52, 77, 90, 67] . An objective reality is a reality that is assumed to exist independently of any observer. For this reason, it is reasonable to expect that an objective reality's details can be systematically elicited and straightforwardly expressed in writing by people who engage in honest, systematic observation guided by well-tested methods of observation. Moreover, for an objective reality, it is reasonable to also expect that any person using such observation methods will elicit and express the same details. Thus, if reality is objective, the effort in requirements elicitation is in eliminating observer bias. If two observations differ, logic dictates that at least one of them must be wrong. In other words, multiple perspectives are neither to be sought nor to be tolerated. If there were to be an objective reality, the requirements engineers would simply elicit information from the reality and proceed systematically to a requirements specification.
However, all the emotional problems mentioned in Subsection 2.4 say that at least part of the reality with which CBSs for OT must deal cannot be objective, but must be socially constructed by the people involved in, affecting, and affected by the OT. Indeed Lehman [57] observed that, once deployed, software embedded in the real world-and surely software for OT is embedded in the organization attempting OT-becomes inextricably part of its environment and ends up changing its own requirements. Goguen has observed that "It is not quite accurate to say that requirements are in the minds of clients; it would be more accurate to say that they are in the social system of the client organization. They have to be invented, not captured or elicited, and that invention has to be a cooperative venture involving the client, the users, and the developers. The difficulties are mainly social, political, and cultural, and not technical."
4 , that is, not only is the reality in which software operates socially constructed, but so are the requirements for that software. Thus, we might then expect that the deployed software itself becomes part of that socially constructed reality.
Constructionist RE
According to the constructionist perspective [50, 70] , knowledge is a social product, actively constructed through direct interaction with the environment. In this sense, knowledge is a real-life experience. As such, it is personal, sharable through interaction, and its nature is both rational and emotional. Knowledge representation is intimately connected with the knower-as-teacher and the learner. Knowledge representation is never complete or accurate since it can never replace the experience from which it is derived. When we add the normal requirements creep that happens as a result of system deployment [57] , it is clear that requirements change is relentless. Hence, no matter how well we have elicited and invented requirements, there will always be heretofore undiscovered and unconveyed requirements. A system requirement is a specific form of knowledge representation. However, a knowledge representation can be useful if it makes ideas tangible and enables communication and negotiation of meanings.
The assumption that reality is socially constructed has implications for practice of RE [82, 1] . The requirements engineer must understand the implications of socially constructed knowledge. The requirements engineer must be aware of how and when particular kinds of knowledge are created during RE in order to know when to be observing and for what to be looking during the observation. These hows and whens are summarized in Table 1 . This table works on three subprocesses of requirements elicitation:
(1) the creation of knowledge about the current work situation, perceived problems or expectations, and the vision of a new work situation that includes the use of a CBS that supports or implements innovative work concepts and practices; (2) the representation of the created knowledge; and (3) the joint invention by all stakeholders of requirements for a CBS that acceptably meets all stakeholder's needs, expectations, or interests.
These subprocesses, of course, are interconnected processes that are described Reinvent the work reality through the adoption of a software system.
Structure of RE process
The RE process structure is the result of the joint effort of system's stakeholders and elicitors for emancipation, fairness, and community empowerment. Its shape is situational, i.e., it varies with organizational history and culture, and resources involved. Define the organization of knowledge representations.
Define the format in which requirements are expressed.
Have the potential of bias towards some stakeholders' voices and of forcing a foreign language.
Role of participants of RE process
Co-creators of knowledge, jointly nominate the questions of interest.
Co-creators of a language to represent knowledge, jointly design outlets for knowledge to be shared more widely within and outside the site.
Co-inventors of a common future. here independently only to simplify their analyses. The table has one column for each of these subprocesses. Each row represents the constructionist perspective about one aspect of the overall RE process: about
• the goals of the RE process;
• the structure of the RE process;
• the final product, i.e., the requirements, of the RE process;
• the theoretical frameworks of the RE process;
• the methods, techniques, and tools of the RE process;
• the role of the participants of the RE process; and • the reuse of the product, i.e., the requirements, of the RE process.
The table element for each aspect and each process step describes how the aspect participates in knowledge creation during the process step. For example, consider the table element at the "Role of participants of RE process" row and the "Requirements Invention" column. Its contents, "Co-inventors of a common future", implies that the role of participants during requirements invention is to be co-inventors of a common future.
Organizational-Theory Based Requirements Elicitation
Recently, a number of authors, e.g., Bolman and Deal [11] , Morgan [66] , and Palmer and Hardy [69] , developed integrated accounts of the organizational theory that had previously been developed by many other researchers. Ramos investigated the usefulness of bringing this integrated organizational theory into the requirements elicitation process [76] . She described the importance of the structural, social, political, and symbolic dimensions of work [11] in determining requirements. One result of this work are guidelines for understanding the meaning of human action and interaction that can be used during the observational phases of requirements elicitation. These guidelines are summarized in Tables 2 and 3.   Table 2 helps the requirements engineer to decide which stakeholders should be consulted during elicitation of requirements for a CBS. For each dimension of work, the table lists the properties of the individuals that must be chosen in order to have adequate representation of the viewpoint of that dimension. For example, to learn about symbolisms in the work affected by the CBS, among the representatives, the requirement engineer must consult
• at least one person who knows the jargon of the work,
• at least one person who knows the proverbs, slogans, and metaphors of the work, and • at least one person who knows how to conceive the work's space. Of course, to keep costs down, it helps if one person provides several items of knowledge. However, too few people reduces diversity and limits the effectiveness of brainstorming and other knowledge-creation processes. Table 3 shows for each dimension of work, the human actions and interactions that can be relevant to requirements. The table thus recommends bits of knowledge that should be sought during requirements elicitation for a CBS. For example, to make sure that the symbolic dimension of the work affected by the CBS is understood, the requirements engineer should seek to learn the symbols used to deal with ambiguity and uncertainty, to learn the values and beliefs shared by the stakeholders of the CBS, etc.
Observe that on a row-by-row basis, the stakeholders selected according to Table 2 are selected for their ability to provide the knowledge required by Table 3 . However, the requirement engineer should not restrict asking questions about a dimension to that dimension's representing stakeholder. The diversity offered by the other stakeholders is essential.
Finally, note that we are not claiming that the knowledge sought by these tables is the only knowledge to be sought. On the contrary, all the usual knowledge about functional and nonfunctional requirements must be sought, and traditional methods that work for eliciting this knowledge should continue to be used, but integrated, as described in the next subsection, with the approach presented in this paper. Our point is that without the information sought in these tables, the information that is obtained by the requirements engineers is more likely to be deficient on the four dimensions of work and the CBS is more likely to be built with inadequate consideration of the emotions, values, and beliefs of the stakeholders.
Towards a Constructionist Requirements Elicitation Process
An organization wishing to engage in a constructionist RE process should embed it into whatever RE process it normally follows to elicit functional and nonfunctional requirements. The key is what to do with the knowledge that is already being gathered during this requirements elicitation. Recall that the constructionist approach regards all knowledge obtained during requirements elicitation to be created by the social process of elicitation. Therefore, during requirements elicitation, all created knowledge should be continually consulted in order to learn not only functional and nonfunctional requirements, but also how previous and current historical, social, and cognitive experiences have been shaping the process of knowledge creation. The process is no more than the usual continual validation with stakeholders of what the requirements engineer learns [77] . Tables 2 and 3 should be followed to create the knowledge about emotions, values, and beliefs that is relevant to the deployment of the CBS whose requirements are being gathered. While creating the knowledge elements described in these tables, elicitors and the system's stakeholders participate in conversations. During these conversations, this knowledge is being constructed and internalized by all participants. This interplay creates a common reality for the elicitors and the stakeholders.
During requirements elicitation (and actually at any time), emotions and unconscious experience and knowledge can be observed only indirectly through the participants' actions and reactions and through their use of language in its most general sense [49] . Some behavioral symptoms of emotions are:
• vocal characterizers (noises one talks through, e.g., laughing, whispering, yelling, crying); • vocal segregates (sounds used to signal agreement, confusion, understanding, e.g., "Hmm-hmm", "Huh?!", "Ah!", "Nu?!"); • voice qualities (modifications of language and vocalizations, e.g., pitch, articulation, rhythm, resonance, tempo); • idiom (dialect, colloquialism, jargon, slang);
• discourse markers ("well", "but", "so", "okay");
• stylistic devices (use of repetition, formulatic expressions, parallelism, figurative language, onomatopoeia, pauses, silences, mimicry); • facial expressions (smile, frown, furrowed brow);
• gestures (nodding, arm and hand movements);
• shifts in posture;
• alterations in positioning from or to intimacy (touching) to or from social or public distance; • performance spaces (an allocated room or impromptu meeting in a corridor, rearranged seating, etc.); • props (especially for ceremonial oratory); and • clothing, cosmetics, and even fragrance.
Of course, the meanings of these symptoms have to be deduced. Here, psychological expertise and experience is essential, and as mentioned, it may be worth having a psychologist on the RE team.
These guidelines for finding the emotional issues are only guidelines, and they help find only the emotional issues. They do not constitute a complete RE process. These guidelines must be applied as a part of a complete RE process that leads from requirements elicitation through requirements analysis and specification to validation of the specification with the stakeholders. These processes, including the following analysis processes (1) ranking requirements by costs, benefits, preferences, etc. by the individual stakeholders, (2) negotiation among stakeholders for a common ranking of requirements, (3) requirements scoping, (4) tracing among requirements, (5) tracing between requirements and other artifacts, are to be performed as usual, except with some additional kinds of requirements, i.e., emotional, sitting in the bag.
Comparison with Other Work
The basic assumptions of the constructionist perspective, from which Table 1 is derived, are already implicitly integrated into the Soft Systems Methodology (SSM) [14] . Authors in RE have been emphasising the interconnectedness of science, society, and technology [37] and the relevance of ethnographic techniques for eliciting requirements in their context [62, 38] .
Karen Holtzblatt [44] , Joseph Goguen, and Marina Jirotka [34] have been saying for years that each requirements engineer must be a bit of a sociologist, to explore the social system in which a proposed CBS will be embedded. They have been arguing in essence that there is no simple, systematic requirements elicitation method of the kind that many hope would exist. These systematic methods depend on there being an objective reality. Instead reality is socially constructed, and the requirements engineer must get socially and personally involved in that reality in order to learn what is needed for requirements elicitation and in order to help the organization invent the requirements for a socially constructed solution to their problems. Marina Krumbholz et al have studied implementation and deployments of variations of the same ERP system in multiple locations of a single binational company that made its living selling the products it manufactured [55, 56] . Implementing and deploying a variant of this system means choosing parameters and generating an instance of the standard package that is then ready for immediate use. The company hoped that the ERP system would improve the operations of the whole company, and started by implementing variants of the system for two departments, (1) sales and distributions and (2) warehouse management, each of which had a location in each country. They noted user acceptance problems, i.e., complaints, avoidance, by passing, etc., as a result of a mismatch between user requirements and the perceived and actual functionality of the implemented ERP. Users complained, sometimes quite vociferously, of a poor fit to their needs; of poor quality software; of inappropriate, clumsy, and slow user interface; that the software was too rigid to adapt to their needs; and things were better with the old bespoke system. The purpose of their study was to measure the impact of culture, both organizational and national, on the implementation and acceptance of ERP packages. They noted that a poor match between a package's perceived or actual functionality and user requirements caused negative emotions about an ERP system. These problems could be fixed after their discovery in several ways, including changing the implementation and educating the users about package capabilities. The proposal of the present paper is to try to determine the potential acceptance problems during RE time, before the system is implemented, by paying attention to emotions, values, and beliefs during requirements elicitation. The hope is that a better fit between function and requirements, including those about emotions, values, and beliefs, can be achieved from the start.
However, few specific guidelines have been provided to deal with the impact of emotions, beliefs, and values of the whole team involved in a requirements elicitation. There is also a shortage of guidelines to help elicit emotions, beliefs, and values from the visible and shared constructions of human action and interaction that occur in organizations.
Confirmation of the Effectiveness of Constructionist RE
As mentioned earlier in Section 3, Ramos did four case studies in organizations around Portugal for the purposes of learning how to do constructionist requirements elicitation. These studies led to the refinement of the guidelines presented in Subsections 3.3 and 3.4, including the tables and the list of behaviors to seek. In each of two of these organizations, after she had filed her report describing what she had learned, the report recipients asked her to make recommendations to help their organization carry out the problematic OT in which they were involved. She agreed, and made requirements-level recommendations, which were subsequently followed with positive results.
Thus, two of the constructionist requirements elicitation case studies evolved into constructionist RE case studies making use of the same knowledge constructed during the earlier requirements elicitation studies using the tables and the list.
This section details these constructionist RE case studies in order to show how the constructed knowledge led to requirements recommendations. While these case studies cannot amount to a true validation of the approach, they do confirm that the approach worked twice in real-life situations and they suggest that more work is needed to validate the approach in the future. (1) The study took place in the library of a university in Portugal. The new system that was being adopted was going to support integrated management of the library. This system was not fully implemented at the time of the study. The system consists of several interconnected modules supporting specific librarian activities. It was both an open and a clientserver system, and the implemented modules were running under a UNIX operating system. When fully implemented, the system would support
• acquisition of the library's resources,
• control of periodicals,
• cataloguing of the resources,
• search for bibliographic records,
• control of existing resources,
• production of statistical reports, and • automatic connection with email servers. The research performed in the library was a case study and not action research. So, Ramos was there to observe, to interview, and to elicit meanings and practices. Nevertheless, the research report was used by the library's manager to guide him in decisions related to the implementation of the full system. The report surprised him by showing him that his employees valued his close supervision and control. Consequently, he ended up asking for implementation of more functionalities and reports that would support him in this supervision and control. He had been postponing his decision about the amount of control he would be exercising, vacillating between tight and loose control, and leaning towards the latter because it was considered good to give employees more autonomy. However, Ramos's report clearly showed him that close control would be welcomed by his employees.
The report indicated also that the organizational culture of the Librarystrict adherence to rules and procedures-was in conflict with the need of students to flexibly and rapidly access the library's resources without the constraints and delays imposed by what they perceived as bureaucratic rules and procedures. The director decided to invest in e-services for the students that would allow the students flexible access to information services and resources, while keeping the stability of the current work environment for the employees.
The report helped the library director also to focus the training programs for the employees on the specifics of the use of the software, thus helping most people specialize in their own task.
Ramos used the guidelines presented in Sections 3.3 and 3.4 to help her get the information for writing her report. Even though she had not initially planned to do any requirements specification, in fact, her report identified many requirements. Most importantly, the recipients of the report acted upon them to change the course of the OT from heading to a failure to being a definite success. (2) The study took place in a Brazilian-funded-and-owned company in Portugal whose clients include the most important automobile manufacturers in Europe. By 1998, the company was sold to a German group. The studied work realities were substantially more complex than in the library. They included a larger number, twenty, of actors from several subcultures with different and sometimes divergent interests. The study was performed in the two most influential departments of the company, the Finance Department and the Logistics Department. The studied system supported the planning and management of plant production. It had been used during the previous six years, haven been implemented at the beginning of the operation of the plant. In the Finance Department, Ramos studied the use of the modules of the system needed to perform the accounting tasks. In the Logistics Department, she studied the use of the modules that supported the purchase of items for the plant, the purchase of raw material, the processing of customer orders, and the management of production orders. Surprisingly, the production planning functionality of the system was never used. The production planning was performed outside the main system. The research method for the company was also only a case study. The main aim of the research was to understand the reasons that there were so many difficulties in getting the employees to accept the new system. Ramos was as careful as possible to avoid influencing events in the company.
Ramos observed a tension between a charismatic man, hereinafter known as Francisco (not his real name), from the Logistics department, and the Management Information Systems (MIS) department. The Logistics department faced continually changing orders from clients and difficulties with not always reliable suppliers. To the people in the Logistics department, the current ERP system was incapable of dealing with their unstable enviroment. Consequently, Francisco requested from the MIS department adding numerous new functionalities to the ERP. The MIS director refused these requests for valid reasons: he knew that most functionality of the ERP was not being explored and effectively used; that most of the requested functionality was already in the non-used functionality of the ERP; and that providing the exact requested functionality as an addition would make updating the resulting ERP very difficult and expensive.
In reaction to these refusals, Francisco began to develop the requested functionality in a parallel system, built on Excel plus VisualBasic. The MIS director responded by explaining the reasons for his refusals and asked that Francisco be patient and wait until the MIS group could pro-vide the requested functionality out of the existing ERP system. Nevertheless, Francisco continued with the development of the parallel system without reporting either what the parallel system was doing or the changes it introduced to the data in the central database. At a certain point, Francisco started complaining about the poor quality of the information in the central database, despite the fact that he was one of the main agents of this poor quality by virtue of his use of a parallel system instead of the officially sanctioned ERP system! Francisco's complaints were heard and acted upon by the administration. In an interview, Ramos noticed that Francisco was trying to assume responsibility for the Logistics department. He kept saying, "We did ..." and "We thought ...", and then correcting himself by saying, "I did ..." and "I thought ...". Several days after this interview, the official Logistics department director was fired and Francisco got the director's job. Also the MIS director left the company under pressure from the administration of the company. These activities by Francisco constitute the sabotage described in Section 2.4.
The issue with the sabotage is not that it was not justified. The existing ERP system was too complex to allow people to explore it to discover its complete functionality and thus to be able to do what they needed to do in the existing system. As the existing system was configured, it was too rigid to allow the Logistics department to deal with the varying requests of clients and the unexpected problems with the suppliers. This rigidity was creating even more difficulties in the relationships between the company and its clients and suppliers. These problems impacted the Logistics department, which was not being involved in the decisions about the tradeoffs of replacing the system or re-programming functionalities. Thus, to some extent, Francisco's actions to get the needed functionality were justified.
Ramos's research connected the unstable environment of the Logistics department with the complexity and rigidity of the existing ERP system, showing that the existing system was not the best for the Logistics department, no matter the marketing hype usually associated with ERP systems.
This connection had not even been acknowledged by the MIS director, primarily because of his emotional attachment to the existing ERP system. He had been hired specifically to design the ERP processes and to procure and manage a supporting information systems when the company started, some six years before the study.
Had the connection been understood before, Francisco in the Logistics department would had been involved in decisions relating to the design of the ERP processes and system. His involvement could have avoided the sabotaging behavior. However, the MIS director kept fighting Francisco's requests, perhaps because he saw them, albeit correctly, as aiding Francisco's ambition for Logistics to become more autonomous and to operate independently of the MIS department.
The complexity of the system should have been recognized and specific procedures to support the exploration of the system should have been implemented, despite the delays these procedures could cause to daily work. If these delays would end up not being tolerable, then people should accept what was happening: the system was not understandable enough to be used to its full potential. As it was, people were both pressed to respond quickly to daily problems and blamed for not being able to learn more about the ERP system's functionality! For more details, please consult Ramos's Ph.D. dissertation [76] , a paper derived from it [79] , or the REFSQ'02 paper published by Ramos and Carvalho [80] .
In the case studies, had not the information in Ramos's reports been available and acted upon, then it is likely 5 that the outcomes could have been radically different.
(1) In the library, the librarian could have gone ahead and implemented the looser control to which he was leaning. He could have committed OT resources to developing features in the library system that would allow the employees the flexibility to be as creative as he was hoping that they could be. The employees could have rebelled against the new freedoms, refusing to exercise them in order to avoid assuming responsibilities and to avoid being blamed in the event that a mistake were made. The students, who did want the flexibility to be creative, could have remained dissatisfied with the library's system, because after wasting resources on unused functions for the employee and wasting still more fighting with the employees, the library could not have the resources to implement the functions that the students wanted. (2) In the company, the management could have stood behind the MIS manager, insisting that the current ERP system be fully utilized and be used to provide all functions it could support. The employees who could not understand the current system could have rebelled, refusing to do more than they were already doing. Some of these employees could have resigned from the company. Francisco could have left the company. Without its charismatic leader, Francisco, to galvanize action, the Logistics Department's interaction with customers and suppliers could have deteriorated, eventually alienating both from dealing with the company.
5 Strictly speaking we can say nothing of the sort. It is impossible to rewind life and run it again as it would have under different choices. The best we can do is guess at a plausible outcome based on other experiences we have had in the past. The particular scenarios given here represent plausible worst-case scenarios. To remind the reader that these are only possible scenarios, we use "could" instead of "would".
The reader may very well say that the problems observed in the case study are quite common and are really signs of poor management practices and are not requirements or software engineering problems. To these readers, we offer the following remarks:
To the extent that the problems observed affected the choice of functions of the CBS being deployed and even the choice of CBS, these problems are requirements problems. As with any other requirements problem, the sooner they are identified, the cheaper they are to fix. Sometimes, the fix involves so-called managerial solutions, such as user education. Sometimes, the fix involves changes in the functionality of the CBS or even of the entire CBS being deployed. Even with traditional functional and nonfunctional requirements issues, the fix to a requirements problem may be a so-called managerial solution, e.g., leaving the CBS the way it is and training users to apply different functions and to avoid the problematic ones [60] .
Limitations of the Approach
No method is guaranteed to work in every situation, least of all one that is dealing with human emotions. While the requirements engineer steps into a project with every intention of finding a set of requirements that satisfies the relevant needs of all stakeholders, in any given project, the requirements engineer may fail to find satisfactory requirements because the emotional needs of some stakeholders are too strongly opposed to each other. The requirements engineer may be forced to conclude that the proposed system cannot be built. Certainly a practitioner of WinWin [6] does not always find a sent of conditions that make all stakeholders winners. There may be in a given case, at least one losing party no matter how the requirements are formulated. However, we see this unfortunate situation as not different from the usual algorithmic, technical, and economic feasibility studies that should be part of all RE efforts. It is accepted that the conclusion of such a study is that the proposed CBS is infeasible, concluding, e.g., that the required algorithms are not computable, that the required technology has not been invented yet, or that the resources required are just not available. In such a case, the requirements engineer is forced to report that the proposed CBS should not be built. Thus, we accept total inability to satisfy stakeholders' emotional needs as another kind of infeasibility, which, along with algorithmic, technical, and economic infeasibility, can lead to project termination.
Another possible cause for failure of the method is that despite all efforts to elicit all relevant emotions in all stakeholders, the requirements engineer may fail to find one or more relevant emotional issue. Here again, this failure is not different from a failure to find a usual functional or nonfunctional algorith-mic, technical, or economic requirement, what Don Gause calls "nature's last laugh" [31] .
Conclusions and Future Work
This paper was written with the aims of (1) addressing the implications of emotions, values, beliefs beliefs in OT and in deployment of CBSs that enable OT, and (2) advancing a constructionist RE process and some guidelines to eliciting the emotions, values, and beliefs relevant to requirements for these CBSs.
The constructionist approach to requirements elicitation embodied in the questions of the tables and the list of behaviors is lengthy and resource intensive. However, following the approach gets the requirements engineer totally involved in the construction of the work reality that is the goal of the OT.
Addressing only the functional, structural, and economic aspects of the process, as is the case in traditional RE, would mean to ignore that emotions are present even in our most rational and objective decisions [18] . In the elicitation of requirements, emotions are present in the choice of the problem to address, the choice of techniques and tools to gather information about business goals and work practices, the choice of stakeholders and the needs they express, the abstractions and partitions of reality, the knowledge we find relevant, the requirements we elicit, and the formats in which we choose to represent knowledge and requirements. Ignoring these emotions yields deficient requirements specifications.
This paper has presented case studies that were used to derive the approach from an organization-theory based approach and to confirm that the derived, constructionist approach works for real-life RE. The effectiveness of the approach was confirmed for two case studies. More case studies are needed to do a more substantial validation.
In the future, the authors plan to investigate post mortem reports for some failed IT system deployments, e.g., the deployment of the London Ambulance System [29, 28] and the deployment of CAPSA, the Cambridge University's new on-line accounting system [30] , to try to cast the failures as failures to deal with the stakeholders' emotions, values, and beliefs during their RE processes.
The authors intend also to develop an approach that will structure requirements elicitation around the four processes that mold socially created realitiessubjectification, externalization, objectification, and internalization-and that will make use of the above guidelines and of strategies to effectively influence the transformation of emotions, values, and beliefs. An initial version of this approach has already been developed and tested in the field, but it needs to be improved in future action research projects. The authors do not intend to invent new techniques or a new method to guide requirements elicitation. Rather, they intend to provide a general framework in which existing methods and techniques could be integrated or reconstructed.
